Abstract. The polycrystalline complex compounds of PLZT, the formula (Pb 1-x La x )(Zr 0.52 Ti 0.48 )O 3 (x = 0.10, 0.15, 0.20 and 0.25), were fabricated by sol-gel method. the influence of La content on the microstructure, optical properties and electrical properties of PLZT materials were studied. Phase characterization and crystal orientation of the PLZT films was investigated by X-ray diffraction analysis. The extinction coefficient k of the films drops dramatically in the range of 300-500 nm, and reduces to 0.0355, 0.0357 and 0.0451 with the La concentration of 15%, 20% and 25%, respectively, when the wavelength is larger than 550 nm. The remnant polarization of the films decreases with the La content increasing.
Introduction
Since the discovery of ferroelectricity in single-crystal materials (Rochelle salt) in 1921, ferroelectric thin films have attracted a great amount of attention because of its excellent ferroelectric, pyroelectric and electrooptic properties. The field of ferroelectrics have been dominated by the materials based on barium titanate (BaTiO 3 ) and lead zirconate titanate (PZT). It is well known that a suitable ionic substitution ABO 3 type material has a dramatic effect on their physical properties [1] . Lanthanum-doped lead zirconate titanate (PLZT) material is one of the perovskite-type ferroelectric materials based on PLZT which is formed by doping La 3+ ions at the A-site of PZT. PLZT has excellent dielectric, ferroelectric, piezoelectric and pyroelectric properties. It has varieties of applications which depend on composition ranging from piezoelectric applications to pyroelectric devices. Ferroelectric property of PLZT is sensitive to the concentration of La, and La content affects the dielectric property obviously. Recently, it is discovered that PLZT has great photoelectric characteristics and PLZT materials have great potential for applications of photoelectric devices [2] . In this paper, the polycrystalline complex compounds of PLZT were fabricated with the formula (Pb 1-x La x )(Zr 0.52 Ti 0.48 )O 3 (x = 0.10, 0.15, 0.20 and 0.25) by sol-gel technique. The microstructures, optical properties and electric properties of ferroelectric PLZT thin films were investigated.
Experimental
The ferroelectric PLZT thin films containing 10%, 15%, 20% and 25% La were prepared on Si (100) and LaNiO 3 (LNO)/Si substrates by the sol-gel method, respectively. An excess of 10 wt.% of PbO was added to the initial solutions to compensate the loss of PbO from evaporation during the rapid thermal annealing process. Lead Then the solution was cooled down until the room temperature and tetrabutyl titanate was added and dissolved under stirring. At last acetyl acetone and acetic acid were added to the solution of tetrabutyl titanate, the ratios were 1.4:1 and 4:1, respectively. The concentration of solution was about 0.3 M and the precursor solutions were transparent. Before the spin-coated, the solutions were filtered to avoid particulate contamination. The wet PLZT films were prepared on substrates by spinning at a rotation rate of 4000 rpm for 20 s at room temperature. Every layer was pre-annealed at 200 o C for 200 s to dry, and pyrolyzed at 380 o C for 200 s to remove residual organic compounds, then the polycrystalline PLZT films were obtained by annealed at 600 o C for 300 s in air by a rapid thermal annealing (RTA) process. The procedures were repeated for six times to obtain PLZT thin films with desired thickness.
Phase characterization and crystal orientation of the PLZT films were investigated by X-ray diffraction analysis (XRD). The optical properties of the PLZT films deposited on Si were studied via spectroscopic ellipsometry (SC630) in the wavelength range of 300-900 nm. The hysteresis loops of the PLZT films on LNO/Si substrates were measured to study the electrical properties. Fig.1 shows the XRD patterns of the PLZT films on Si substrates with different La contents. For the pattern (a), a broad peak observed at 2θ = 29 o may be due to (Pb,La)O:3(Zr,Ti)O 2 (PLZT3) phase. According to other studies, the formation of PLZT3 is caused by the deficiency of Pb, and it will be converted to perovskite phase by the solution containing excess of Pb (＞10%) in the system [3] . The pattern (b) exhibits peaks at 2θ = 33 o , 38 o and 44 o corresponding to the (220), (111) and (002), respectively [4, 5] . Moreover, the phase at 2θ = 29 o diminishes as the intensity of the peak reduces when the content of La increases. When the content of La reaches 20%, as shown in pattern (c) of Fig.1 , perovskite phase starts to appear at 2θ = 31 o and 64 o corresponding to the perovskite (110) and (202) reflections, respectively. The relatively high diffraction peaks of (110), (111) and (200) suggest that the grain is highly oriented growth. In pattern (d) of Fig.1 , another peak at 2θ = 22 o corresponding to (100) clearly emerges. The film shows a highly (110) oriented profile with a narrower peak. We can get the conclusion that La doping can improve the crystallinity of the samples. Fig. 2 shows the refractive index (n) and the extinction coefficient (k) at 300-900 nm wavelength range derived from spectroscopic ellipsometry data for PLZT thin films on Si substrates. The optical constants of the PLZT thin films decrease with the wavelength increasing, and then approach unity. As the profiles show, the refractive index of the PLZT thin films decreases with La concentrations increasing at 390-900 nm wavelength range, in agreement with the conclusion that La reduces the light scattering [6] . The extinction coefficient k drops dramatically in the range of 300-500 nm, and reduces to 0.0355, 0.0357 and 0.0451 with the La concentration of 15%, 20% and 25%, respectively, when the wavelength is larger than 550 nm. Fig3. The absorption coefficients α of the PLZT films deposited on Si substrate. The absorption coefficients α of the PLZT films in the range of 300-900 nm are shown in Figure 3 . It is obvious that the absorption coefficient drops dramatically in the range of 300-500 nm, and then the changes of the absorption coefficients go gently when the wavelength is larger than 500 nm. It can be seen that absorption coefficient and extinction coefficient have the same trend. Fig.4 illustrates the room temperature P-E hysteresis loops of the PLZT thin films on LNO/Si substrates with varying applied voltage (10, 20, 30 and 40 V) to characterize the ferroelectric properties. As the applied voltage increases, hysteresis loops gradually broaden and the remnant polarization and coercive field of the film increase. The asymmetry of the hysteresis loops is induced by the different upper (Pt) and lower (LNO) electrodes [7, 8] . 
Results and discussion

Conclusion
In summary, the PLZT thin films with different contents of La were prepared on Si and LNO/Si substrates, respectively, using the sol-gel method. La doping can improve the crystallinity of the PLZT thin films. La reduces the light scattering based on the analysis of the refractive index. The change of the extinction coefficient and the absorption coefficient have the same trend with La concentration, and decrease with the La concentration increasing. Moreover, hysteresis loop is degraded because of more La content.
